This study was designed to investigate fitness characteristics of college women and men (n = 427 and 423, respectively) 
Introduction
The transition from a traditional lifestyle to modernity caused a decrease in physical activity. Even if the trend is prevalent all around the world, only a few studies have provided sufficiently precise measurements to estimate the impact of this transition on daily energy expenditure. In Gambian women tested at the peak labor season, Singh et al. (1989) measured a daily energy expenditure level that could exceed by 3000-4000 kJ/day the energy cost of living under sedentary conditions (Prentice et al., 1986) , after correction for body weight (Tremblay, 1998) . The difference in activity energy expenditure adjusted for body weight between Mexican Pima young adults maintaining a traditional lifestyle and Pimas living in Arizona was also recently found to be about 3000 kJ/day (Esparza et al., 2000) . Such a difference in daily energy expenditure suggests that the only individuals who can maintain the energy expenditure of a traditional lifestyle in a modern world are endurance athletes.
Although the potential impact of a large decrease in daily energy expenditure on body weight and fat gain is well established, there is also some evidence to the effect that lesser variations in physical activity participation are sufficient to induce concordant changes in body weight and adiposity (Rissanen et al., 1991; Schmitz et al., 2000; Tremblay et al., 1990; Williamson, 1996; Williamson et al., 1993) . In addition, it has also been shown that the increase in body weight which occurred over the last two decades is more detectable in the upper centiles of a population (Flegal and Troiano, 2000) , i.e. in individuals being more susceptible to overweight and obesity.
Beyond its immediate effect on energy expenditure and balance, physical inactivity also negatively affects aerobic and muscular fitness. Over time, a decrease of physical fitness may be at the source of a vicious cycle whose outcome is likely a further decrease in physical activity participation. Indeed, a reduced physical fitness implies a loss of functional capacity that likely decreases the motivation and the ability to perform vigorous physical activities. Since this type of activity is more likely to increase postexercise energy expenditure (Yoshioka et al., 2001) , to promote an increase in postexercise skeletal muscle and in vivo fat utilization (Tremblay et al., 1994; Yoshioka et al., 2001) , to facilitate postexercise energy intake and appetite control (Imbeault et al., 1997) , and to contribute to the prevention of excess body fat (Dionne et al., 2000; Tremblay et al., 1990; Yoshioka et al., 2001) , the consideration of the impact of physical fitness which integrates the cumulative effect of vigorous physical activity participation over time may be important in the prevention of overweight and obesity. In this context, it appeared relevant to hypothesize that variations in physical fitness, particularly aerobic fitness, are associated with greater variations in subcutaneous adiposity compared to a classification based on variations in vigorous physical activity participation at a given time point. In addition, the aerobic and muscular fitness values of young men and women were compared to those obtained in young adults of comparable age tested in the 1981 Canada Fitness Survey.
Methods

SUBJECTS
The participants were students registered in the first trimester of the program course at the CÉGEP Lévis-Lauzon, in the suburb of Québec City. All students (456 boys and 456 girls) participating in the physical education courses were expected to be tested for their anthropometric characteristics as well as their aerobic and muscular fitness. This fitness evaluation was planned to provide information to students about their fitness and practical guidelines to promote physical activity participation. Since the sample of subjects was representative of the student population of the college, the assessment was also performed to establish local reference data that could be used for the follow-up of these students and for other studies.
The Physical Activity Readiness Questionnaire (PAR-Q) investigating the safety to perform tests and the risks to display cardiac problems during their execution was completed by each participant. Except for a few individuals who were not allowed to perform one or several tests, most of them reported a fitness profile compatible with the physiological requirements of the tests. Fifteen participants in whom obesity was too severe to allow the precise measurement of skinfold thicknesses with the caliper used for testing were excluded from this testing procedure.
Since the present study was partly aimed at comparing results of students to values obtained in young adults tested in the 1981 CFS, only data of subjects aged 17-20 years were retained for comparison. Thus, the final cohort of subjects was composed of 850 young adults (423 men aged 18.2 ± 0.7 years (C ± SD) and 427 women aged 18.1 ± 0.6 years).
PROCEDURES
A series of tests were performed in the same environment for each subject at the time of the physical education course to determine the level of the following fitness-related variables: estimated maximal oxygen uptake (V · O 2 max), upper body muscular fitness, body subcutaneous adiposity, and participation in vigorous physical activities.
A revised version of the step test procedure (Canadian Society of Exercise Physiology, 1996) used in the Canadian Home Fitness Test (Jetté et al., 1976) was developed for the present study. Briefly, two steps of standardized height were used for stepping up and down at a predetermined rhythm dictated by a laser disk. After each 3-min step, heart rate assessed with a Heart Safe TZ monitor (Cardio Sport, Health Care Technology Ltd., Chichester, West Sussex, UK) was recorded and used to decide whether a student could pursue the test at the next level. This test includes a maximum of 8 grades for both men and women. Men and women of the 17-20 yr age category started the test at the fifth and fourth grade, respectively. The test was pursued to the next level when heart rate recorded at the end of each level did not exceed a predetermined heart rate score for this grade. Since each level has a standardized energy cost, V · O 2 max was estimated by using the follow- HR is the heart rate value recorded at the upper level, and BW is body weight measured at the same time as other anthropometric variables. Muscular fitness was assessed by measuring the maximal number of arm extensions (push-ups) without any time limit, according to the procedures described in The Canadian Physical Activity, Fitness and Lifestyle Appraisal (Canadian Society of Exercise Physiology, 1996) . For this test men had to take support on their feet whereas women had to perform the maximal number of arm extensions while taking support on their knees.
Skinfolds were measured with a Harpenden caliper according to the methodology described by The Canadian Physical Activity, Fitness and Lifestyle Appraisal (Canadian Society of Exercise Physiology, 1996) , which also respects the recommendations of the International Biological Program (Weiner and Lourie, 1969) . These skinfolds included subscapular, suprailiac, biceps, triceps, and calf and their sum was also used in the present study as a global marker of subcutaneous adiposity. Waist circumference was also measured as an index of central body fat accumulation. The tape was then placed at the level of noticeable waist narrowing and the measurement was taken at the end of a normal expiration.
A questionnaire examining different variables of life habits was completed to investigate some correlates of fitness. In the present study, the main question of interest consisted of a statement to which the participants had to point out one answer amongst five possible alternatives. This statement was "I perform one strenuous bout of continuous physical activity for at least 30 minutes per day." The possible answers were 5 times and more per week, 4 times per week, 3 times per week, 1-2 times per week, and less than once per week.
STATISTICAL ANALYSES
A one-way ANOVA was performed to detect differences in subjects classified on the basis of the grade completed during the step test and participation in vigorous physical activities. All values are expressed as mean ± SD and differences were considered significant at p < .05. All analyses were performed with Statview 5.0.1 (SAS Institute Inc., Cary, USA, www.SAS.com).
Results
Fitness and anthropometric characteristics are presented in Table 1 . As expected, large variations in estimated V · O 2 max were observed in both genders. However, none of the subjects had an aerobic power level typical of values characterizing endurance athletes. Large variations were also found for anthropometric variables whose the upper level was in the range of values seen in obese individuals. Tables 2 and 3 compare centile values of muscular fitness (arm extensions) and anthropometric variables obtained in this study to corresponding data of the 1981 Canada Fitness Survey (CFS) for women and men, respectively. Except for values at centile 5 for women which were identical, all centile values for arm extensions were lower by 20-25% in the present study compared to the 1981 CFS. The opposite trend was seen for body weight, waist circumference, and the sum of 5 skinfolds that were greater in the present study compared to the 1981 CFS. This phenomenon was particularly evident for subcutaneous adiposity since the sum of skinfolds at the 95th centile in men exceeded by almost 50% the reference value of the 1981 CFS.
The classification of subjects on the basis of the grade completed during the step test revealed that this variable significantly affected variations in subcutaneous Note. SS = subcutaneous skinfolds. Note. SS = subcutaneous skinfolds. Note. SS = subcutaneous skinfolds.
adiposity in both genders, as determined by ANOVA analysis (p < .001). In this regard, Table 4 shows that women who completed the lowest grade during the step test displayed a subcutaneous adiposity ( SS) that exceeded by 35% the level observed in subjects who completed the upper grade. In men, the same classification revealed that subjects classified in the lowest grade subgroup exhibited a subcutaneous adiposity that was twice that seen in subjects of the upper grade subgroup. Table 5 also presents variations in subcutaneous adiposity in subjects classified on the basis of their reported participation to vigorous exercise. In women, the ANOVA analysis did not reveal any significant effect of this variable on the sum of 5 skinfolds between groups (p > 0.05). On the other hand, the discriminating potential of exercise practice was significant in men (p < .05), although quantitatively much lower than that observed when groups were separated on the basis of the working capacity during the step test.
In an attempt to estimate the impact of being aerobically fit and regularly active on adiposity, we compared the sum of five skinfolds of subjects having completed the upper grade during the step test and who also performed at least five 30 minutes sessions of continuous vigorous exercise per week to the value of subjects having completed the lowest grade and practicing less than one such session per week. As shown in Table 6 , the adiposity of very inactive-unfit women and men was twice that observed in their very active-fit counterparts (p < .05). In addition, this table indicates that the between group difference for body weight was also substantial in men.
Discussion
The main preoccupation of this study was to determine whether aerobic fitness and weekly physical activity participation could explain variations in subcutaneous adiposity with the hypothesis that aerobic fitness might be associated with greater variations in subcutaneous fat. As a first step to examine this issue, we used a one way ANOVA to verify the existence of significant differences between subgroups of subjects classified on the basis of the grade completed during the step 82.1 ± 16.1 90.7 ± 44.6 *Values are means ± SD. †Very active-fit subjects are those who completed the upper grade (#8) during the step test and performing 5 and more sessions of vigorous activity per week. Very inactive-unfit subjects are those who completed the lowest grade (#4 for women, #5 for men) during the step test and performing less than one session of vigorous activity per week. ‡Significant difference between very active-fit and very inactive-unfit subjects (p < .05).
test and of the number of weekly 30-minute sessions of vigorous continuous exercise. As indicated above, the ANOVA analysis showed that step test classification had a high discriminating potential within each gender and the results presented in Table 4 clearly confirm the effect. Even if the ANOVA revealed a significant effect of exercise participation in men, variations presented in Table 5 were much lower than those observed when the step test grade was used as discriminating variable. However, even if our analysis reveal that step test grade had a greater potential to detect differences in adiposity compared to reported exercise participation, we remained inclined to interpret our results by considering step test grade as a variable that better integrates the long term impact of exercise participation on adiposity. Indeed, as discussed above, a satisfactory aerobic fitness is well known to depend on the regular exposure to the exercise stimulus. In addition, it is also likely a determinant of the regular practice of vigorous exercise since a good level of aerobic fitness is a prerequisite to enjoy performing activities of moderate to high intensity. Therefore, we tend to believe that taken together, aerobic fitness assessed by step test grade and current exercise participation can be combined to appropriately detect individuals who take advantage of the long term impact of exercise on adiposity. We extended our analyses by comparing body weight and adiposity between subjects considered as fit and being regularly active to those displaying completely opposite phenotypes. Even if the number of subjects meeting these criteria were low, Table 6 shows that there was a large difference in body weight and the sum of five skinfolds between these subgroups of subjects. This observation is of particular interest since the very active-fit men and women were not endurance athletes but were rather following a lifestyle that is generally promoted by health agencies and professionals. It is also relevant to emphasize that the large between-group difference in adiposity presented in Table 6 has also been shown to occur in successful weight losers who were regular exercisers while maintaining a low-fat diet (McGuire et al., 1998) .
As discussed in the preceding paragraph, a greater aerobic fitness and a regular practice of vigorous physical activity (30 min 5 times or more per week) seem to be effective to maintain low levels of adiposity. This level of physical activity is quite similar to what has been recently proposed by the NHLBI Obesity Education Initiative in which 30 to 45 minute sessions 3 to 5 times a week of moderate progressing to intense physical activity should be encouraged (National Institute of Health, 2000) . Unfortunately, out of the 850 adolescent male and female subjects who were available for this analysis, only 43 (5%) practiced vigorous physical activities at least 5 times per week. It is certainly cause for concern to observe such a low percentage of adolescents who perform the amount of physical activity that seems to permit the maintenance of low levels of adiposity. This is especially worrisome in a context where these young individuals are at a stage of their life where they are not yet dealing with all adult responsibilities.
The ability of vigorous exercise over time to explain variations in subcutaneous adiposity is concordant with our previous studies, which showed that exercise intensity per se can significantly affect energy balance-related variables. In short term studies, we demonstrated that for a given energy cost of activity, an increase in exercise intensity resulted in a decrease in postexercise compensation in energy intake (Imbeault et al., 1997) and an increase in postexercise increase in resting energy expenditure and fat oxidation (Yoshioka et al., 2001 ). Accordingly, a high intensity intermittent exercise program was found to promote a greater decrease in subcutaneous adiposity than an endurance training program, even if its total energy cost was lower (Tremblay et al., 1994) . This is also consistent with our previous analysis of the results of the 1981 CFS which revealed that for a given energy cost of leisure time physical activities, individuals reporting the practice of vigorous activities were leaner than subjects not performing this type of activity (Tremblay et al., 1990) . However, it is important to note that a certain amount and intensity of physical activity need to be performed in order for exercise to be effective at maintaining low levels of adiposity. Indeed, it would seem that for men in this study 4 to 5 sessions of vigorous exercise of at least 30 min per day are needed to obtain reduced levels of adiposity. This is in accordance with recent results indicating that male adolescents needed to be engaged in more than 60 minutes of vigorous exercise per day in order to benefit of the protective effect of physical activity against enlarged fat stores (Dionne et al., 2000) .
Our previously demonstrated effects of vigorous physical activity on energy balance-related variables also permit to provide arguments to counteract the opinion that the discriminating potential of the number of grades in the step test regarding variations in adiposity is essentially attributable to weight bearing, not fitness. To this effect, our perception is that the chronic lack of physical activity participation affects both fitness and energy balance via mechanisms that are interrelated. Indeed, as intensity is known to be an important exercise modality to improve aerobic fitness, our findings quoted above also suggest that the sympatomimetic effects of vigorous exercise also favorably influence adiposity on the long term (Yoshioka et al., 2001) . Therefore, we tend to perceive that the reduced aerobic fitness of heavy subjects is not an artefact simply produced by the increased body weight but rather represents the long term consequence of a lack of exercise which both affects aerobic fitness and body composition.
The fitness characteristics of young college adults were also compared to results of the 1981CFS for the corresponding age group as reference data since the methodology used for muscular fitness and anthropometric variables was similar in the two studies. In this regard, the main finding of the present study is the lower muscular fitness and the greater body weight and subcutaneous adiposity in our subjects, particularly in the upper half of the distribution of scores. When considering recent literature, this observation is not really surprising. Indeed, our modern environment is conducive of sedentariness to such an extent that it may impose a decrease in daily energy expenditure that could be as large as 3000-4000 kJ/day when compared to a lifestyle comparable to that of our ancestors (Esparza et al., 2000; Tremblay, 1998) . In addition, when these activity conditions occur in a nutritional context that cannot promote satiety without overfeeding, such as when the diet has a high fat content (Lissner et al., 1987) , fat gain becomes an unavoidable outcome over time.
In summary, the increased adiposity of some subjects seemed to be explained by a lower aerobic fitness level and to a lesser extent by a reduced participation in vigorous physical activities. When these two variables were combined to classify individuals, a large difference in subcutaneous adiposity was found between very active-fit and very inactive-unfit subjects. This classification emphasizes the possibility that the cumulative effect of exercise participation on adiposity might be over time much more pronounced than what is currently perceived by health professionals and agencies. Furthermore, the assessment of fitness characteristics of young college women and men revealed that their muscular fitness is lower and their adiposity is greater than subjects tested about 20 years before in the 1981 CFS, particularly in the upper half of the score distribution.
